Background: Current clinical guidelines require that five indices (total cholesterol, LDL cholesterol, HDL cholesterol, triglycerides, and the total/HDL cholesterol ratio) be measured or calculated to assess the lipidrelated risk of vascular disease. All five are also targets of therapy and therefore all must be measured initially and at follow-up. Considerable evidence indicates that apolipoprotein B (apo B) is a better index of reaching or not reaching treatment targets than total or LDL cholesterol. Methods: The objective of this study was to examine whether measurement of a single marker (apo B) led to the same categorization of risk as the traditional five indices (lipid profile). If both apo B and lipid profile indicated that the patient was either within or outside their respective treatment targets, the indices were considered concordant. If not, the indices were considered discordant. Concordance/discordance was examined in 215 patients at their first and last clinic visit. Results: Concordance was high in both higher (88% at the first and 92% at the last clinic visit) and lower (76% at the first and 78% at the last clinic visit) risk groups at both the initial and final visits. Discordance was virtually restricted to the group with hypertriglyceridemia with normal concentrations of apo B, a group in which little independent evidence points to any substantially increased risk of vascular disease. Conclusions: These data raise the possibility that at least for high risk patients treated with statins, follow-up could be simplified and expenses reduced if
Current Canadian guidelines to estimate the risk of vascular disease attributable to serum lipid concentrations require measurement of total cholesterol, triglycerides, and HDL cholesterol, as well as calculation of LDL cholesterol and the total cholesterol/HDL cholesterol ratio (1 ) . The actual decision of whether therapy is necessary is determined on the basis of these values, as well as the presence of other risk factors such as age, sex, increased blood pressure, and whether there is evidence of coronary disease or diabetes. Necessarily, a considerable amount of information must be integrated to reach an appropriate decision. If treatment is decided, current practice is to measure or calculate all five lipid indices on each of the return visits. Again this information must be integrated to determine whether the therapy used has achieved the desired targets.
Unfortunately, most patients do not reach their designated target lipid concentrations, although all the reasons for this fact have not been determined. One hypothesis that might partially explain this failure could be the complexity inherent in the present algorithm because both the patient and the doctor have to assimilate a considerable amount of information. If it were possible to reduce the number of indicators examined at follow-up after therapy had begun, the process might be more effectively executed.
Not only is the present approach complex, but other indices have been suggested that may be better predictors of cardiovascular risk, both on initial diagnosis and at follow-up. The best studied and established of these is the measurement of plasma apolipoprotein B (apo B). Each of the atherogenic particles in plasma (VLDL, LDL, intermediate-density lipoprotein, and lipoprotein(a)) contains one molecule of apo B and, therefore, plasma apo B measures the total number of atherogenic particles (2 ) . This is important because one of the most common dyslipidemias associated with premature vascular disease (hypertriglyceridemic hyper-apo B) is characterized by increased numbers of LDL particles, which are smaller and denser because they contain less cholesterol (3 ). Because these LDL particles are cholesterol depleted, measurement of the total and LDL cholesterol does not accurately reflect their number in plasma. The fact that this difference is clinically important has been demonstrated in prospective epidemiologic studies and in primary and secondary prevention trials of the effect of LDL-lowering therapy on coronary risk (4 -13 ) .
Accordingly, the present study was designed to examine the concordance of serum apo B with the conventional lipid indices (lipid profile) in patients being assessed and treated at a Lipid Clinic (St. Paul's Hospital, Vancouver, Canada). Our question was whether changes in apo B would accurately mirror the changes in the lipid profile; were this to be the case, we could consider, during follow-up at least, simplifying the process considerably.
Materials and Methods
Data from 215 consecutive patients coming for a follow-up visit to the clinic were examined at their initial (visit 1) and current (visit n) visit. For each patient, the fasting lipid profile and apo B were determined. The coronary artery disease risk of each patient was calculated according to the new Framingham tables (14 ) .
The lipid concentrations for the four different levels of risk were chosen according to the recent Canadian Recommendations for management and treatment of dyslipidemias (1 ) . Corresponding values of apo B were selected as follows: a value of apo B Ͻ1.20 g/L was selected as the cutoff value for the highest risk group. This corresponded to the 75th percentile for the Canadian adult population and was, therefore, similar to that chosen for the lipid concentrations (15 ) . Similarly, the value of 0.9 g/L for apo B in the lowest risk group corresponds to approximately the 25th percentile of the population (15 ), a concentration that also corresponded to the percentile value chosen for the lipids. By the same reasoning, values of apo B of 1.0 g/L and 1.10 g/L were chosen as the cutoff values for the moderate and high risk groups, respectively. On the basis of the level of risk, target therapeutic concentrations for each risk group for both lipids and apo B were chosen and are shown in Table 1 . Thus the target apo B in the very high risk group was Ͻ900 mg/L, a target concentration that has been endorsed by the Canadian Cardiovascular Society (16 ) .
Lipoprotein lipids and apo B were measured by a nephelometric method with a WHO-IFCC calibrator and an external quality-control "Sequel" from the Canadian Reference Laboratory (Beckman Array 360 system) on fasting samples in the clinical laboratory of St. Paul's Hospital. The CV for the measurement of apo B was 2.6%, for total cholesterol 0.9%, for HDL cholesterol 2.4%, and for triglycerides 1.2%.
concordance/discordance
Risk was calculated for each patient on the basis of the Framingham tables. Each patient was assigned to a target concentration on the basis of either lipids and/or apo B. If lipids and apo B yielded the same result (i.e., the same relative target concentration for the given risk calculated from the Framingham tables), they were deemed concordant; if they did not, they were deemed discordant. Our objective was to determine whether one measurement (apo B) yielded the same information as the other five (the lipoprotein lipids and ratio).
Results
Patients (n ϭ 215) seen at visit n were also assessed by all relevant indices at visit 1. Not surprisingly, given the fact that all had been referred to a lipid clinic, 151 patients (70%) had lipid and/or apo B values outside the target concentrations. Of the total group, the lipid and apo B results from 174 patients (81%) were concordant. However, 41 patients (19%) were discordant principally because triglyceride concentrations were outside the target range in 26 (12%; Fig. 1 ). If the patients were divided into only two groups according to the Framingham tables, namely higher risk (Ͼ20% risk of coronary artery disease in 10 years) and lower risk (Ͻ20% risk of coronary artery disease in 10 years), concordance was even higher at 88% in the higher risk group. This difference was statistically significant (P ϭ 0.02) by Pearson 2 test. The residual discordance was again primarily attributable to hypertriglyceridemia. In the lower risk group, concordance was slightly lower at 76% and, again, discordance was mainly The same analyses were performed at the last visit (n), on average 5 years later; however, the concordance or discordance of the data was independent of the interval between visit 1 and visit n. At 92%, concordance was slightly greater at visit n than visit 1 in the higher risk group. In the lower risk group concordance was the same as at visit 1 ( Table 2 ). There was an 83% concordance between lipids and apo B at visit n, a result that was slightly better than at visit 1 (P Ͼ0.1; McNeuman 2 test). Concordance was also high in a subgroup of 19 patients with diabetes (79%), discordance was, again, caused by very high triglyceride concentrations (2% of patients had triglycerides Ͼ10 mmol/L).
Discussion
This study demonstrated that patients could be categorized according to their degree of risk in terms of those who did and did not reach the treatment targets, virtually as accurately, by one index (apo B) as by five others (lipid profile). This was true for both higher and lower risk patients at both the first and last visits.
Discordance was low and virtually restricted to a single group (hypertriglyceridemia) with a normal apo B. In this specific group, several cross-sectional studies have shown that the likelihood of vascular disease is substantially less than in patients with hypertriglyceridemic hyper-apo B (16 -22 ) . Even more importantly, the Quebec Cardiovascular Study demonstrated prospectively that hypertriglyceridemic hyper-apo B was associated with a threefold increase in the risk of vascular events, whereas hypertriglyceridemia with a normal apo B was not (23 ) .
Several studies have now demonstrated that apo B and apo A1 remain predictive of outcome in patients on therapy, whereas lipoprotein lipids do not. For example, Moss et al (11 ) observed that in 1045 treated postmyocardial infarction patients, clinical events during follow-up were not predicted by lipoprotein lipids, but were significantly (P Ͻ0.018) related to plasma apo A1 and apo B and the D-dimer of fibrin. The Air Force/Texas Coronary Atherosclerosis Prevention Study (12 ) was a primary prevention study of the value of lovastatin treatment in reducing clinical events in patients with moderate cholesterol values, many of whom also had low HDL cholesterol. Pretreatment concentrations of lipoprotein lipids, including the total/HDL cholesterol ratio, predicted outcome as did apo B. During treatment, by contrast, lipoprotein lipids, including the total/HDL cholesterol ratio, did not predict outcome, whereas apo B and apo A1 did. Another study to consider is that by van Lennep et al (13 ) . The authors studied 848 patients with coronary disease, all of whom had at least a 30% decrease in cholesterol attributable to statin therapy. Again, lipids were not predictive of clinical outcomes during treatment, whereas apo A1 and apo B were. These three studies constitute strong evidence that for patients on statin therapy, monitoring apo B is, in fact, superior to determining lipoprotein lipids.
We believe the results of the present study also suggest the hypothesis that if the follow-up protocol is simplified, a greater number of patients will reach target concentrations; consequently, there will be a greater overall reduction in clinical events.
The measurement of apo B does have technical advantages that are worth noting. The assay is standardized, automated, and can be performed on nonfasting samples (24 ) , the last being particularly important from the clinical viewpoint. Simplification would also produce substantial savings. For example, in British Columbia, the cost of measuring apo B is $22.99, whereas a lipid profile costs $32.97. Undoubtedly, if the number of apo B tests performed were to rise substantially, the cost would further decrease.
There are several possible weaknesses of this pilot study. Concerns about standardization and reproducibility of apo B remain, despite the fact that WHO and IFCC standards for the measurement have been defined and are can be argued that follow-up for only apo B will be most useful in patients on statins; however, in the other individuals, it may still be necessary to repeat full lipid profiles, particularly in those with fluctuating triglyceride concentrations. Another issue was whether the individuals with low HDL and normal apo B are at risk, but this does not appear to be the case as pointed out in recent reviews (26 -27 ) .
In conclusion, our study suggests that use of a single index, namely serum apo B, is as efficient for categorization and follow-up of most patients with dyslipidemia as the currently used lipid profile. Thus, although the lipid profile will remain essential for the initial diagnosis, the follow-up of many dyslipidemic patients could be simplified. Our results also raise the possibility that outcome might be improved if the algorithm to assess response were simplified.
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